Human: Human newborns have deficient serum concentrations of IGM, IGA, and the C-fixing sheep cell hemolysin, while they have IGG titers generally as great or greater than their mothers at the time of birth. (Table I) . Nonetheless, incubation of V. alcalescens LPS with these sera led to consumption of large amounts of hemolytic C (Table I , Fig. 1) .
Bovine: The bovine has a six layered placenta which acts as a barrier to transfer of maternal proteins to the fetus; hence, the bovine embryo is more deprived of gamma globulins than is the human (13) . This can be seen in the gamma globulin and sheep cell hemolysin titers shown in Table II . When these sera were preincubated at 37°C with LPS derived from any of four organisms (S. marcescens, V. alcalescens, S. minnesota wild type, and S. minnesota R595 mutant), pronounced consumption of C ensued (Table II) . Hence, LPS had the capacity to deplete C even in these immunoglobulin-deficient sera. Even an LPS devoid of the O antigen (the R595 mutant of S. minnesota), which lacked the antigen against which natural antibodies frequently are directed, could effectively consume C in these sera. C consumption was seen both in embryo sera (the 65 cm stage, corresponding to the 3rd trimester) and in precolostra| specimens of serum. Piglet: The pig has a placenta which is even less permeable to passive transfer of maternal proteins than is that of the bovine (31) . Specimens of pig embryo serum was taken on the 77th and 90th day of the 115-120 day gestational period, as well as in the immediate postnatal period prior to colostral feedings. These sera were found to be devoid of gamma globulins by immunoelectrophoresis, and to have either absent or trivial amounts of "natural" antibodies against the rasp-2 phage and the sheep red cell (Table III) . Nonetheless, when reacted with LPS from four separate bacterial species, pronounced consumption of C was observed.
Watson-Kim piglet model:
The isolation of the porcine embryo from certain .li 0:
• ~. 0 of the maternal proteins led Watson and Kim to establish a methodology for deriving agammaglobulinemic newborn piglets, which they have extensively characterized (14) . These investigators worked with the disease-free, pathogenfree Minnesota miniature pig colony and were able to obtain precolostral blood samples from embryos which had less than 2.5 X 10 -6 mg gamma globulin per 100 ml of serum, while the corresponding maternal sera had approximately 5 X 103 mg gamma globulin per 100 ml serum. When the effects of various LPS preparations upon the C activity of these sera were tested, it was again found that each was effectively C-consuming (Table IV) : substantial depletion of C occurred during the preincubation periods. Previous findings indicated that the consumption of C by LPS leads to the generation of neutrophil chemotactic factors and anaphylatoxins from the C system in fresh guinea pig serum (6, 7) . We tested whether these factors could also be derived in these agammaglobulinemic sera. As is shown in Figs. 2 and 5, there was clear development of both these factors. However, the total amount of factor generated in the newborn sera always was less than that generated in comparable amounts of adult sera. We conclude that in sera from the available models of developmental agammaglobulinemia, LPS can effectively induce consumption of C and, further, bring about the generation of anaphylatoxin and neutrophil chemotactic activities.
It should be noted that new borns in each of the three species tested had C titers lower than those of their mothers. This disparity in C available made it difficult to compare the newborn and adult sera quantitatively with respect to their relative abilities to respond to given amounts of LPS with C depletion. On the basis of the per cent of available C consumed, the degree of C depletion in the immunoglobulin-deficient new borns was similar to that observed in the nearly normal globulinemic adults. However, on an absolute basis, since there was much less C available, less total units of C were fixed.
This deficiency of the newborn sera was dramatized by their decreased ability unable to respond with antibody formation, even after repeated stimulation, to a variety of antigens including the Brucella abortus organism. Representative birds had less than 2 mg gamma globulin per 100 ml blood detectable by immunodiffusion against anti-chicken gamma globulin antiserum (compared to an age-matched normal with 1000 mg gamma globulin per 100 ml blood), yet had clearly detectable C activity. When reacted with LPS, pronounced consumption of C ensued (Table V) . Therefore, LPS effectively consumed C in the sera of animals with the presently available model of experimental agamma-globulinemia, as well as in the available models of developmental agammaglobulinemia (AGG).
III. Complement Consumption in the Sera of Humans with
Agammaglobulinemia Syndromes.--Since the introduction of penicillin to clinical medicine, it has become apparent that certain AGG states exist in man which are associated with a propensity to infection. Sera from certain of these individuals were available for study.
The marked deficiency of gamma globulins in a group of 11 such patients is represented in Fig. 1A by the greatly decreased titer of natural antibody against sheep erythrocytes, compared to the readily demonstrable titer of such C-fixing antibodies in normal children. When 20 /ag S. marcescens LPS was interacted with these sera, consumption of C dearly ensued, despite the immunoglobulin deficiency (Fig. 1B) ; however, the per cent and the total amount of C consumed was less than that consumed by normal individuals. It is not yet clear whether multiple pathways to C depletion exist, so whether this represents a quantitative deficiency in the only pathway, or a qualitative deficiency of one of multiple pathways remains to be ascertained. It is striking that even new borns, who also had decreased amounts of the C-utilizing hemolysin for sheep cells, were able to consume a greater per cent of the available C than were the AGG patients.
It has been found that AGG individuals are deficient in C1 and Clq (24, 32) as well as in gamma globulins generally. Hence, the ability of LPS to deplete C in these sera was compared with the C-depleting ability of immune complexes The C-consuming efficiency of LPS in these sera was studied in still another way. Shin et al. (28) found that the interaction of LPS and fresh mammalian serum leads to formation of an unstable intermediate provisionally termed "LPS-X", somewhat reminiscent of properdin-zymosan complex of Leon (33) . LPS-X has the capacity to fix the classical third component of C (C3-C9) in the presence of EDTA. Assay of LPS-X formation allows comparing the ability of test sera to form a classical C3-fixing intermediate with the amount of terminal C components in the indictor step held constant, an important point since in the previous experiments there were larger amounts of C3-C9 available in the serum of older individuals. The ability of various human sera to form this intermediate with identical amounts of LPS was tested. It was found that AGG patients, as well as new borns, were deficient in their ability to do so (Fig. 4, Table VI ). They formed much less LPS-X than did normal adults. Hence, the role of immunoglobulin in formation of this intermediate, and in consumption of C generally, seems likely.
In parallel experiments, precolostral bovine and porcine sera were also found to be greatly inferior to normal adult sera of the respective species in forming the LPS-X complex.
DISCUSSION
It was found that bacterial endotoxins (LPS) could induce C consumption in a wide variety of immunoglobulin-deficient sera, including those from representative subjects with developmental AGG, experimentally-induced AGG and clinical AGG syndromes. The LPS-C interaction proceeded even in sera which contained less than 2.5 X 10 -6 ing/ml gamma globulin. Hence, large amounts of immunoglobulins clearly are not necessary in order for this interaction to proceed. However, whether small amounts of antibody either qualitatively not recognizable as immunoglobulin or quantitatively below the detection range of most assay systems were required to initiate these interactions remained uncertain.
Various investigators have postulated that antibody is necessary for LPS to initiate certain of its various biologic effects including C consumption (34) (35) (36) . Others have entertained the possibility that LPS contains groups either with direct toxicities or which activate host enzyme systems without mediation by antibody (37) (38) (39) (40) . The present investigation shows that if classical antibody is necessary for the initiation of the C-dependent portion of these host reactivities, then extremely small amounts suffice to satisfy this requirement.
Certainly there is a question of whether classical antibodies are necessary at all to induce consumption of the terminal C components in normal and immunoglobulin-deficient sera. The existence of alternative pathways which lead to C activation without a requirement for antibody is possible. Pillemer and his colleagues earlier had postulated that there is such an alternative pathway (41), but ultimately showed that it, too, was dependent upon antibody. However, various bacterial and mammalian enzymes have been shown to activate certain of the C components (42) (43) (44) . More recently, work with a nontoxic factor de-rived from several species of cobra (21, 45) has shown that the entire terminal C component sequence (C3-C9) can be activated by factors which seem not to include antibody or the earlier-acting C components (20, 46) . Hence, it is conceivable that LPS can activate the terminal C components without the presence of antibody.
At present, we favor the hypothesis that antibody is involved in the initiation of LPS-C interactions. The decreased total amounts of C consumed in the immunoglobulin-deficient sera compared with immunoglobulin-normal sera, the decreased per cent, as well as total amount of C consumed in sera of patients with clinical AGG syndromes, the decreased amounts of neutrophil chemotactic factor and anaphylatoxin generated in immunoglobulin-deficient sera compared to immunoglobulin-normal sera, and the markedly impaired ability of the immunoglobulin-deficient sera to form a terminal C component-consuming intermediate (LPS-X), all support this view. However, this does not rule out that other nonimmunoglobulin-requiring pathways lead to consumption of the terminal C components.
Hence, we believe that LPS efficiently interacts with trace amounts of immunoglobulin in serum in a way which leads to consumption of the terminal C components. It does so in a way which consumes very small, if any, amounts of the known early-acting C components (C1, C4, and C2). Whether each of these also is involved in the C consumption induced by LPS, whether the basis of C utilization by LPS resides in a particular immunoglobulin, in other serum proteins, or in special substrates in the LPS, and whether certain or all of the early-acting C components are bypassed in the LPS-C interaction, remains to be seen.
In any case, the ability of LPS to consume C even in serum markedly deficient in immunoglobulin speaks for the potential role of the LPS-C interaction throughout development as well as in later life.
SUMMARY
Bacterial lipopolysaccharides (LPS) derived from a variety of organisms effectively induced C consumption in humans, bovines, and porcines with developmental agammaglobulinemia; birds with experimental agammaglobulinemia; and humans with agammaglobulinemia syndromes. This interaction proceeded even in precolostral piglet sera which contained less than 2.5 >( 10 .6 mg/ml gamma globulin, and led to generation of neutrophil chemotactic factor and anaphylatoxin in these sera. Hence, the LPS-C interaction can proceed in sera markedly deficient in immunoglobulin.
The question of whether immunoglobulins can be bypassed in the LPS-C interaction, or whether they are regularly utilized in a way so efficient that their participation is masked, was considered. 
